Aim: To assess superficial lamellar keratectomy augmented by excimer laser smoothening with sodium hyaluronate 0.25%, for the management of superficial corneal opacities. Methods: Consecutive procedure performed in 14 eyes (13 patients) with an automated microkeratome and excimer laser phototherapeutic keratectomy (PTK) smoothening using sodium hyaluronate 0.25%. Main outcome measures: UCVA, BCVA, pachymetry, degree of haze, ray tracing analysis, and complications. Mean follow up was 12 (SD 1.6) months. Results: Mean preoperative haze from previous corneal refractive surgeries was 3.5 (SD 0.5) (11/14 cases). In one case, opacity was caused by ocular trauma and in two by infectious keratitis. The mean preoperative UCVA was 0.7 logMAR (0.2 (SD 0.13) decimal value). BCVA was 0.4 logMAR (0.4 (SD 0.17) decimal value). Mean preoperative corneal pachymetry was 508 (SD 62.5) mm and mean opacity depth measured by corneal confocal microscopy was 115.2 (SD 49.4) mm. At 6 months, 71.4% of the eyes with previous corneal refractive surgery showed grade I haze or less. Mean postoperative corneal pachymetry at 6 months was 352.36 (SD 49.05) mm. Conclusions: Automated superficial lamellar keratectomy combined with excimer laser PTK smoothening assisted by sodium hyaluronate 0.25% induces a significant improvement of corneal transparency and visual acuity in cases of corneal opacity caused by previous refractive surgery, ocular trauma, and keratitis.
S
uperficial corneal opacities are a frequent indication for corneal grafting. The biological problems of penetrating corneal grafting, especially immunological rejection [1] [2] [3] [4] [5] [6] [7] have been addressed with corneal lamellar grafting, a technique that largely prevents these problems. However, corneal lamellar grafts are often followed by a long visual recovery during the postoperative period. [8] [9] [10] [11] The recent success of laser assisted in situ keratomileusis (LASIK) has promoted the development of a new generation of instruments that can perform lamellar cuts of different depths. 12 13 A new generation of corneal confocal microscopes has recently been introduced for clinical use, allowing the location of corneal opacities and other anatomical findings with very high precision inside corneal stroma. The combination of both-confocal microscopes and microkeratomesallows the use of such instruments first to determine an adequate diagnosis of the extent and depth of a corneal opacity, 14 15 and then to attempt, within certain limits, the performance of a corneal excision at a tentative precalculated level to either partially or totally remove the opacity.
However, the microkeratome cut, despite its technical improvements, is still lacking full uniformity and smoothness [16] [17] [18] to result in full optical performance of the cornea. Recently it has been suggested that excimer laser surgery assisted by certain smoothening substances such as sodium hyaluronate 0.25% 19 20 could be eventually used to correct corneal irregularities. The use of masking substances to smooth corneas operated by excimer laser has also been the issue of previous investigations by other authors. 21 22 The aim of this paper is to present the results of the combined use of automated superficial keratectomy augmented by hyaluronic acid assisted phototherapeutic keratectomy (PTK).
MATERIALS AND METHODS
Fourteen eyes (13 patients; eight males) with a mean age of 45.07 (SD 17.4) years (range 16-74 years), with different degrees of superficial corneal opacity were included. The causes of corneal opacity in the study eyes are listed in table 1.
All patients underwent ophthalmological evaluation including cycloplegic refraction, uncorrected visual acuity (UCVA), best corrected visual acuity (BCVA) converted to logMAR values for statistical analysis, slit lamp biomicroscopy examination, and corneal confocal microscopy to determine the depth of corneal opacity (Advanced Scanning Ltd, New Orleans, LA, USA), 15 24 25 ultrasound pachymetry (DGH-500 pachymeter, Tokyo, Japan), corneal topography (C-SCAN, colour; Ellipsoid Topometer, Technomed GmbH, Baesweiler, Germany) to determine the superficial corneal surface quality (SCSQ), and predicted corneal visual acuity.
Corneal thickness measurements were performed 48 hours preoperatively, and 1 month, 6 months, and 1 year after surgery.
Corneal confocal microscopy study Corneal confocal microscopy was used to establish the depth at which corneal opacity was located from the corneal surface. The parameters of the confocal microscope used were X24, 0.6 NA variable working distance objective lens, a field of view of 4506360 mm, and the z axis resolution of 12 mm. Images were captured using a video scope CCD video camera and stored on S-VHS video tape. In addition, confocal Abbreviations: BCVA, best corrected visual acuity; CMTF, confocal microscopy through focus; ID, image distortion; LASIK, laser assisted in situ keratomileusis; PRK, photorefractive keratectomy; PTK, phototherapeutic keratectomy; RK, radial keratotomy; SCSQ, superficial corneal surface quality; UCVA, uncorrected visual acuity. microscopy through focus scans (CMTF) were obtained as previously described. 15 24 25 Central leucoma depth was measured from epithelial surface. Using customised software, the CMTF data were digitised onto the computer, and intensity profile curves were calculated. 25 26 The leucoma thickness was defined as the distance (in microns) from the beginning to the end of the bright scar tissue area in the performed z scan. A protocol of this study was prepared following the tenets of the Declaration of Helsinki. 27 All patients included in the study had understood and signed an informed consent before the study.
Surgery
Topical oxibuprocaine 0.2% was used preoperatively. The first step of the procedure was to create a free corneal cap of 8.5 mm diameter. Automated lamellar keratectomy was performed using automated corneal shaper (Chiron Vision, Irvine, CA, USA). Corneal cap thickness was selected according to the depth of the opacity calculated by confocal microscopy. The free corneal cap was removed carefully from the microkeratome and the eye was examined by slit lamp biomicroscopy to ensure adequate elimination of the corneal opacity. Following this, in order to improve the corneal surface irregularity, PTK mode assisted by sodium hyaluronate 0.25% was used as previously described by us in a recent study (table 2) . 20 The ablation was performed with a PlanoScan Technolas 217C excimer laser (Bausch & Lomb, Chiron Technolas GmbH, Dornach, Germany). After the free cap was removed, one drop of 0.25% hyaluronate (LaserVisc, TRB Chemedica International SA, Geneva, Switzerland) combined with a drop of fluorescein was instilled on the cornea. Using this combination during the ablation procedure, disappearance of the fluorescence in an area indicates complete removal of the viscoelastic masking solution. 20 Following laser surgery, the stromal bed was rinsed with BSS solution and a bandage contact lens was placed. No antimitotic drugs were used. An antibiotic/steroid combination (Tobradex, AlconCusi, Barcelona, Spain) and cycloplegia (Colircusí Cicloplégico 1%, AlconCusi, Barcelona, Spain) were prescribed every 8 hours.
The postoperative evaluation included UCVA, BCVA, refraction, pachymetry, corneal topography, image quality, and image distortion provided by the ellipsoid topometer. The visual acuity values (logMAR) were expressed in terms of mean (standard deviation).
The data obtained postoperatively were analysed using the statistical package SPSS 8.0 for Windows (SPSS Inc, Chicago, IL, USA). When the variables followed a normal distribution, the arithmetic means corresponding to each group were compared using the t test or the one way ANOVA. When variables did not follow a normal distribution, a nonparametric test was used (Mann-Whitney U or ANOVA on ranks) to compare medians. 1 491  50  80  348  350  2 492  80  30  390  375  3 476  100  30  332  360  4 550  120  30  397  399  5 500  130  30  348  341  6 563  100  100  359  368  7 610  260  75  281  281  8 538  160  30  321  331  9 570  100  30  473  420  10 584  100  30  480  451  11 408  90  30  360  281  12 425  100  30  300  302  13 430  80  40  352  327  14 485 80 50 360 347 
RESULTS

Visual acuity
The mean UCVA and BCVA at the preoperative visit and at 1, 6, and 12 months are described in tables 3 and 4 respectively. Differences between the preoperative and postoperative UCVA were significant as calculated by t test at 1, 6, and 12 months postoperatively (p = 0.01, 0.03, and 0.04 respectively).
Differences between the preoperative and postoperative BCVA were significant as calculated by t test at 1, 6, and 12 months postoperatively (p = 0.05, 0.001, and 0.03 respectively). Seven eyes (50%) gained three or more lines of BCVA, two eyes (14.3%) gained two lines, two eyes (14.3%) gained one line of BCVA, and three eyes (21.4%) lost one line or more of BCVA (fig 1) .
Using a decimal value (DV) of visual acuity the safety index of the procedure was 1.6 ( fig 2) and the efficacy index was 0.97 (fig 3) .
Refraction
The sphere and cylinder mean values and their corresponding values of standard deviation at the preoperative visit and the 1, 6, and 12 month controls are represented in table 5.
Six months postoperatively the mean spherical equivalent was 20.56 (SD 3.9) (range 27.0 to +7.0).
Corneal haze and opacity
The mean preoperative haze grade was 3.5 (SD 0.5) (range 3 to 4). A full description of evolution of haze degree through follow up period is expressed in table 6.
Corneal pachymetry and treatment depth
The preoperative and postoperative pachymetry, the attempted thickness of the free corneal cap, and the programmed depth of PTK treatments for each case are shown in table 2.
The mean preoperative central corneal pachymetry was 508 (SD 62.5) mm (range 408-610 mm). The mean preoperative leucoma depth obtained by confocal microscopy was 115.2 (SD 49.4) mm (range 75-260 mm). The mean intraoperative flap thickness was 110.7 (SD 50.1) mm (range 50-260 mm). The depth of the corneal opacity determined the ablation depth performed by using PTK. In 10 eyes an ablation depth 
Complications
Only one eye (1/14, 7.14%) showed poor results during the follow up period. This case had a history of multiple previous excimer laser procedures. The preoperative UCVA was 0.7 logMAR (0.2 DV) and could not be improved because of a corneal haze grade IV. The corneal pachymetry measured 430 mm in corneal thickness. Six months after the procedure the patient's UCVA remained unchanged but his BCVA improved by using SoftPerm (Cibavision, GA, USA) contact lens +4.5 diopters (gas permeable contact lens) to 0.1 logMAR (0.8 DV). The pachymetry measured 360 mm corneal thickness and the haze decreased to grade II. After one year, the UCVA declined to 1.00 logMAR (0.1 DV) and the BCVA was 0.8 logMAR (0.16 DV) due to relapse with depth of haze extending up to 100 mm (confocal microscope) and clinically the cornea showed haze grade IV. This patient had a pachymetry around 350 mm and the decision was taken to perform PKP as a final solution to the haze problem and to restore the visual acuity.
DISCUSSION
Corneal opacity haze is one of the serious consequences of corneal refractive surgery and frequently causes low BCVA. Faint anterior stromal opacifications are a common finding after photorefractive keratectomy (PRK) procedures. [28] [29] [30] Various treatment strategies have been proposed including topical steroids, mechanical debridement, and retreatment with excimer laser. [32] [33] [34] Years ago, PK was considered to be the procedure of choice for treatment of this complication. Unfortunately, PK is associated with a prolonged recovery period for visual rehabilitation, and the risk of transplant rejection or high astigmatism, especially irregular type, is a concern. 35 The persistent need to develop a method for managing the problem of haze and opacity has given rise to continuous investigation in the field.
Automated lamellar keratoplasty has historically been used as a refractive procedure for treatment of myopia but with low predictability. 37 38 Because of the irregular success rate of alloplastic transplantation of the corneal cap, 39 excision of the complete disc that includes the corneal tissue might be an alternative in certain cases and, if the procedure fails, it is still possible to perform PKP. Such an alternative has been previously reported as successful but in a very limited report. 35 Smoothness of the lamellar keratectomy is one of the most important factors in avoiding irregular astigmatism after any lamellar refractive surgery. This smooth surface is always suboptimal when compared with an excimer laser ablated surface. For this purpose a smoother technique using excimer laser was combined with the procedure. 20 Excimer laser application in the PTK mode has been used successfully to treat superficial corneal opacities. 40 The goal of the hyaluronic acid assisted PTK procedure was to improve the corneal stromal smoothening and to decrease the probability of haze regression. Slit lamp examination revealed significant decrease of haze in all cases with improvement of the UCVA and the BCVA.
With regards to the improvement of vision after 6 months, more than 60% of the patients had UCVA of 0.5 logMAR (0.32 DV) or more and 30% had UCVA of 0.2 logMAR (0.63 DV) or more. Nearly 80% of the patients had BCVA of 0.3 logMAR (0.5 DV) or more and 50% had BCVA of 0.2 logMAR (0.63 DV) and more. Corneas showed a decrease in corneal haze after 6 months to grade I or less in almost 70% of eyes, and grade II in almost 30% of eyes. Although regression of some degree of haze occurred at the end of the first year, over 90% of the eyes still had haze grade II or less. Only one eye (7.1%) had haze grade IV and this patient was scheduled for PKP procedure. The patients were subjectively improved in all cases. The improvement in the clinical situation of the patients parallelled the improvement shown in the parameters of image distortion of the Technomed topography images. In all cases, SLK avoided either lamellar or penetrating corneal graft for the correction of the severe corneal irregular astigmatism suffered by the patients.
One obvious consequence of this procedure is the induction of corneal thinning (table 2), which requires prolonged follow up to study its biomechanical effects and stability. It should be remembered that in all of our cases this procedure was used as an alternative to avoid corneal grafting procedures and the uncertainties associated with that. This surgery does not prevent corneal grafting should it be required in future.
No vision threatening complications were observed during the follow up of this study. Apart from haze regression in a few cases that required no further treatment and did not clinically affect the visual function of the patients, one eye required PKP one year after the SLK. In spite of the secondary procedure performed in three of 14 eyes (21.4%), none lost any lines of BCVA and no case developed further corneal complications following the procedures.
CONCLUSION
Automated superficial lamellar keratectomy augmented with hyaluronic assisted PTK has proved to be an alternative to corneal grafting for management of severe superficial corneal opacities. Further studies are required to assess the minimal corneal thickness acceptable for a normal biomechanical and functional stability of the cornea.
